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Foot-and-mouth disease virus (FMDV) infection induces major changes in the host cell including the shutoff of cellular protein synthesis.
Here, protein extracts from FMDV-infected cells have been used to monitor changes in the profile of RNA-binding factors interacting with
regulatory regions of the viral RNA. Relevant differences have been detected in the pattern of interaction with proteins prepared from either
infected or uninfected cells with RNA probes encompassing the internal ribosome entry site (IRES), the 5′ and 3′end regions. The binding patterns
obtained for two divergent FMDV isolates showed differences depending on the viral isolate used. The identity of the host proteins giving a shifted
binding pattern to RNA regulatory regions has been inferred by immunoblotting. Our results show that polypyrimidine tract-binding protein (PTB)
and two subunits of translation initiation factor eIF3 interacting with the IRES undergo proteolytic processing during FMDV infection. In addition,
poly(A)-binding protein (PABP), interacting with the 3′end of the viral RNA is partially processed. Proteolysis of eIF3a, eIF3b, PABP and PTB
correlated with the extent of cytopathic effect induced by FMDV in infected cells.
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During picornavirus infection protein synthesis is the first
step of the viral life cycle. Translation initiation of these viral
RNAs is driven by an internal ribosome entry site (IRES),
which directs the translation machinery to an internal start
codon (Hellen and Sarnow, 2001; Martinez-Salas et al., 2001).
Similar to other picornaviruses, the foot-and-mouth disease
virus (FMDV) genome encodes a large polyprotein that is
rapidly processed by viral-encoded proteases yielding several
precursors and about 15 different mature viral proteins (Mason
et al., 2003; Ryan et al., 1989). A distinctive feature of FMDV
coding region is the presence of the leader (L) protein that is
synthesized in two forms, Lab and Lb (Lopez de Quinto and
Martinez-Salas, 1999). The FMDV L proteins are proteases,
which cleave the translation initiation factor eIF4G (Devaney et
al., 1988) and thus, induce a strong shutdown of cap-dependent⁎ Corresponding author. Fax: +34 914974799.
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doi:10.1016/j.virol.2007.03.013protein synthesis (Belsham and Brangwyn, 1990; Martinez-
Salas et al., 1993). Expression of FMDV 3C protease also
processes eIF4G (Gradi et al., 2004; Strong and Belsham, 2004)
as well as eIF4A (Belsham et al., 2000; Li et al., 2001), a
component of eIF4F with RNA helicase activity. To our
knowledge, no information is available regarding the integrity
of other translation factors during FMDV infection.
In the last years a significant effort has been devoted to study
the process of internal translation initiation (Baird et al., 2006;
Sarnow, 2003). Using either recombinant proteins or extracts
prepared from uninfected cells, a number of proteins including
translation initiation factors (eIFs) and auxiliary proteins have
been found to associate with IRES elements. Similar to
encephalomyocarditis virus (EMCV) IRES, the FMDV IRES
interacts with eIF4G, eIF3, and eIF4B (Lopez de Quinto et al.,
2001; Pestova et al., 1996; Pilipenko et al., 2000). In both cases,
the eIF4G–IRES interaction is essential for internal initiation. In
addition, auxiliary factors such as polypyrimidine tract-binding
protein (PTB) and poly(rC)-binding protein (PCBP) have been
described to interact with various picornavirus IRES elements
Fig. 1. Effect of FMDV infection on IRES–protein interactions. Autoradiogram
of a UV-crosslink assay performed with IRES labelled probe (0.03 pmol) and
40 μg of S10 proteins, prepared from BHK-21 cells infected with FMDV O1K,
or C-S8, respectively (O1K-e and O1K-l is used in all figures to denote early and
late time post-infection). Mock-infected cells were used as controls. Proteins
were resolved in a 10% SDS–PAGE. Arrows point to new polypeptides, p110
and p64, specifically detected in FMDV-infected cells, absent in the control
mock-infected BHK-21.
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Walter et al., 1999). PTB and PCBP appear to facilitate IRES
structural organization by acting as RNA chaperones (Gamarnik
et al., 2000; Song et al., 2005).
The proteolytically processed forms of eIF4GI and eIF4GII
have been shown to interact with the FMDV IRES and promote
IRES-dependent initiation (Lopez de Quinto et al., 2001). As
deduced from the efficiency of viral protein synthesis, the
FMDV IRES is resistant to the general shutdown of translation
initiation. However, whether other factors involved in cap-
dependent translation initiation are processed during FMDV
infection is still unknown.
Initiation of translation dependent on the IRES element is
stimulated by the presence of its homologous 3′UTR sequence
regardless of the poly(A)-dependent mechanism (Lopez de
Quinto et al., 2002). We have recently shown that this
enhancement is presumably due to IRES–3′UTR functional
bridges. First, direct RNA–RNA interactions have been
observed between the IRES element and the 3′UTR sequence
in a poly(A)-independent manner (Serrano et al., 2006).
Second, cellular proteins interacting with these regulatory
regions may bridge the structural elements located at each end
of the viral RNA. Changes in the composition of these RNA–
protein complexes during the infection cycle, or the involve-
ment of viral genome-encoded proteins have not been described
previously.
Here we have taken advantage of the ability of FMDV RNA
to interact with host proteins to analyze the composition of
factors present in infected cells. For that purpose cytoplasmic
extracts from infected cells were prepared for two genetically
divergent FMDV isolates with different capacities to develop
cytopathic effect (CPE) on susceptible cells. The results inferred
from these studies were further confirmed by immune detection.
We report here that several RNA-binding proteins including
eIF3a, eIF3b, PABP, and PTB are processed during infection;
proteolysis of these factors could contribute to explain the
strong cap-dependent shutoff observed during FMDV infection.
Results
PTB and two eIF3 subunits interacting with the IRES undergo
proteolytic processing during FMDV infection
In this work, we aimed to study the interaction of cyto-
plasmic proteins from infected cells with the viral IRES in order
to monitor changes in the RNA-binding factors induced by
FMDV infection. For that purpose BHK-21 cells were infected
with two isolates belonging to serotypes C and O, which
diverged in about 10% of their genome nucleotide sequence and
showed significant differences in their viral cycle. The FMDV
C-S8 isolate induced CPE and complete cell detachment around
4 h post-infection (p.i.); however, the O1K isolate induced cell
detachment at later times p.i. Thus, for O1K isolate infections
were stopped at early and late times, 3 and 5 h p.i., respectively,
but C-S8 infection was stopped only at 4 h p.i. Additionally,
EMCV infection was chosen as a control of picornavirus-
infected cells.Interaction of proteins from infected cells with the FMDV
IRES probe is shown in Fig. 1. In comparison to uninfected
BHK-21 cells, changes in the RNA protein-binding pattern
could be clearly observed with S10 extracts from FMDV-
infected cells. Four polypeptides of 220, 116, 80 and 57 kDa
previously identified as eIF4G, eIF3b, eIF4B and PTB,
respectively (Lopez de Quinto et al., 2001; Lopez de Quinto
and Martinez-Salas, 2000), were detected in BHK-21 mock-
infected cells (Fig. 1). The product of 220 kDa disappeared in
the extracts from FMDV-infected cells, and a new 110 kDa
protein corresponding to the C-terminal end of eIF4G appeared,
as expected from Lb-induced proteolysis (Devaney et al., 1988;
Gradi et al., 2004; Lopez de Quinto et al., 2001; Lopez de
Quinto and Martinez-Salas, 2000). A marked decrease in p116
as infection proceeded was detected. As p116 became undetect-
able, two new proteins of about 110 and 64 kDa emerged. This
shift in the binding pattern showed a gradual effect, as the three
proteins, p116, p110 and p64, could be detected in extracts from
cells collected at early times post-infection. A significant de-
crease in the intensity of p80 and p57 was detected with C-S8-
infected cell extracts (Fig. 1). The later changes were not
detected in the UV-crosslink pattern obtained with extracts
prepared from EMCV-infected cells.
The expression of non-structural viral proteins in the infected
cells was analysed by immunoblotting using equal amounts of
total protein load per lane. Western blot analysis using antisera
directed against FMDV 3C (Fig. 2A) and 3D proteins (Fig. 2B)
confirmed the presence of 3Cpro and 3Dpol in the FMDV-
infected cells. The intensity of the FMDV-encoded proteins
increased significantly at late time post-infection in O1K.
Additionally, accumulation of 3Cpro was more evident for C-S8
than for O1K infection. The increase in 3C and 3D proteins
accumulation in the C-S8 isolate was presumably due to an
advanced protein synthesis that correlated as well with the
extent of CPE observed in the C-S8-infected monolayer. None
of the sera recognized EMCV-encoded proteins specifically. As
Fig. 2. Accumulation of viral non-structural proteins and total protein pattern during the course of FMDV infection. (A) Immunodetection of FMDV 3C protease and
(B) 3D polymerase with specific FMDV sera in S10 extracts prepared from uninfected BHK-21, or cells infected with FMDV O1K, C-S8, or EMCV. (C) Coomassie
blue staining of 10% SDS–PAGE gel loaded with equal amounts (10 μg) of proteins of the corresponding S10 extracts. The Western blots were carried out with
aliquots of same samples shown in (C), loaded in 12% SDS–PAGE gels.
Fig. 3. Proteolysis of eIF4G and PTB in FMDV-infected cells. (A) Immuno-
detection of eIF4G in extracts from FMDV-infected cells. A specific anti-eIF4G
serum was used to detect proteins present in extracts prepared from BHK-21
cells infected with the indicated viral isolates. Equal amounts of total proteins
(10 μg) was loaded per well in a 10% SDS–PAGE. (B) Immunodetection of
PTB in FMDV-infected (left panel) or Lb-transfected (right panel) cells. An
arrow denotes the presence of a new p49 peptide in infected cells. The lower
panel shows the Coomassie blue staining of the gel.
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could be detected in the pattern of total protein in extracts from
infected and uninfected cells after PAGE fractionation and
Coomassie blue staining.
In order to identify the host factors accounting for the
shifted binding pattern shown in Fig. 1, we performed immuno-
blotting detection assays using sera directed against proteins
known to bind the FMDV IRES element with sizes in the range
of those predicted for the factors involved in the shift, p220
(eIF4G), p57 (PTB), and p116 (eIF3b) (Lopez de Quinto et al.,
2001). Fig. 3A shows the results of a Western blot using a
specific serum anti-eIF4G (Aragon et al., 2000). The product
detected in UV-crosslinking assays as p220 contains two
eIF4G isoforms, 4GI and 4GII. Both forms are cleaved by the
viral Lb protease (Devaney et al., 1988; Gradi et al., 2004;
Lopez de Quinto et al., 2001) concomitant with host cell
protein synthesis inhibition. The C-terminal fragment of eIF4G
is able to bind the IRES after cleavage and is detected as a
p110 by UV-crosslinking using S10 extracts prepared from
transfected cells expressing the Lb protease (Lopez de Quinto
and Martinez-Salas, 2000). Consistent with that, Fig. 3A shows
the absence of detectable eIF4G (p220) in infected cells and the
presence of a new protein of approximately 110 kDa (p110),
presumably corresponding to the C-terminal fragment of
eIF4G. The product of 110 kDa was absent in EMCV-infected
cells used as a picornavirus infection control, as well as in the
mock-infected control. Other differences in the pattern of
proteins recognized by the eIF4G serum in extracts from
FMDV-infected cells could be observed, as the new presence
of p66, p60, p34 and p25. The last two polypeptides are unique
to C-S8 infection, and presumably arose as secondary clea-
vages of the eIF4G carboxy-terminal product. The electro-
phoretic mobility of these polypeptides was different than the
one reported for eIF4G cleavage products induced duringapoptosis (Marissen and Lloyd, 1998; Bushell et al., 2000;
Clemens et al., 1998).
A decrease in the signal of PTB (p57) was also observed with
extracts from C-S8-infected cells (Fig. 1). A strong decrease in
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was observed by immunodetection using a specific anti-PTB
serum (Wagner and Garcia-Blanco, 2002), together with the
appearance of a new protein (p49) specifically recognized by
the antibody (Fig. 3B). For O1K-infected cells, the decrease was
less pronounced and the new product became detectable as a
faint band at late time p.i. No significant cleavage of PTB was
observed in extracts from EMCV-infected cells. A protein
loading control indicated no relevant differences between the
extracts analyzed (Fig. 3B). Therefore, comparison of the
Western blot pattern using anti-PTB serum and UV-crosslinking
results showed a correlation in the decreased levels of PTB in
FMDV-infected cells and the intensity of the crosslinked
protein. In extracts from cells transfected with Lb plasmid
expressing the C-S8 FMDV protease, unprocessed PTB was
detected at lower levels than those found in uninfected cells
(Fig. 3B). However, p49 detected in infected cells could not be
detected in Lb-transfected extracts. These results suggest that
PTB undergoes proteolytic modification upon FMDV infection
and that Lb protease is partly involved in that cleavage event but
does not account for the complete cleavage of PTB. Transfec-
tion assays carried out with a plasmid that expresses the FMDV
C-S8 3C protease in a cap-dependent manner (Martinez-Salas
and Domingo, 1995) in order to determine the involvement of
this viral protease in the cleavage of the endogenous protein
were below the level of detection of the cleavage product (data
not shown).
Regarding the gradual decrease of p116 shown in Fig. 1, and
on the basis of our previous identification of p116 (p116/110)
interacting with the FMDV IRES as eIF3b/c (Lopez de Quinto
et al., 2001) we examined the pattern of eIF3 in FMDV-infected
cells. Immunodetection using a serum against eIF3 (Meyer et
al., 1982) revealed differences in the number, size and intensity
of the proteins recognized by the antibody in the different
extracts (Fig. 4). Concerning p170, which was detected in
mock-infected cells extracts, was absent in both C-S8 and O1K
lysates; in addition, p150 and p116 were absent in C-S8
extracts. The polypeptide of 150 kDa corresponds to a
breakdown product of eIF3a, frequently observed in crude
cellular extracts (Johnson et al., 1997). Polypeptides p110,Fig. 4. Immunodetection of eIF3 translation initiation factor in FMDV-infected
cells. Western blots carried out with protein extracts (10 μg per lane) fractionated
in a 10% PAGE prepared from BHK-21 cells infected with the indicated viral
isolates, immunoblotted with serum against eIF3. The right panel shows the
results obtained with EMCV-infected cells. Arrows depict new polypeptides
arising in extracts prepared from infected cells.p100, p90, p66, p36 and p30 were detected in both FMDV-
infected cells, but p110 and p66 significantly increased in
intensity in C-S8-infected cells, and two new proteins p50, p46
became specifically detectable in C-S8 lysates. EMCV infection
induced weak break down of eIF3 subunits, which led to the
detection of three polypeptides of 100, 90 and 66 kDa, similar to
those observed in O1K at early time post-infection (Fig. 4).
Considering the results from UV-crosslinking and Western
blot assays using extracts prepared from the different infected
cells we conclude that the IRES region interacted with several
host proteins proteolytically processed during the course of
FMDV infection. These differential IRES–protein interactions
in uninfected or in infected cells were specific and not due to
major differences in the available proteins present in these cells.
The appearance of new proteins in infected cells concomitant
with the disappearance of others strongly suggested FMDV
infection-induced proteolytic events as responsible for this shift.
The positive reaction of six different polypeptides, p46, p50,
p66, p90, p100 and p110, with anti-eIF3 serum together with
the disappearance of p170 and p116 supported the hypothesis
that FMDV was inducing the cleavage of two eIF3 subunits, a
and b.
Proteins p116, p70, and p47 interacting with the terminal ends
of the viral RNA are processed during FMDV infection
Proteins interacting with RNA probes corresponding to the
3′end as well as to the S region have been recently reported
using BHK-21 extracts (Lopez de Quinto et al., 2002; Serrano et
al., 2006). In order to study if FMDV infection induced changes
in the interaction of cellular proteins with RNAs corresponding
to the 5′ and 3′ends of the viral genome, we carried out UV-
crosslinking and Western blot assays using extracts from BHK-
21 cells infected with C-S8 or O1K isolates, as described above
for IRES RNA. As shown in Fig. 5A, two polypeptides, p116
and p47, were detected with 3′UTR Δ(polyA) probe. The UV-
crosslinking intensity of p116 decreased as FMDV infection
progressed and became undetectable at late times post-infection.
As p116 faded away two new proteins one of approximately
107 kDa and a second of 90 or 96 kDa for C-S8 and O1K,
respectively, were detected. The later infection-specific pro-
ducts were undetected in the IRES interaction assay (Fig. 1).
Concerning the second 3′UTR-binding protein, p47, the
intensity of RNA-binding was lower in the case of infected
cells extracts, particularly for C-S8 isolate (Figs. 5A and B).
The use of a complete 3′UTR probe also revealed the
presence of a third polypeptide, p70 (Fig. 5B). We have recently
identified p70 as PABP, a protein specifically interacting with
the entire FMDV 3′UTR that carries a poly(A) tail (Saiz et al.,
2001; Serrano et al., 2006). With the aim to analyze whether
PABP was proteolyzed during FMDV infection, extracts from
O1K- and C-S8-infected cells were used in a UV-crosslink
assay with the entire 3′UTR probe. A moderate decrease in p70
binding was observed in C-S8 infection, unlike O1K (Fig. 5B).
A Western blot with specific anti-PABP antibodies (Burgui
et al., 2003) indicated the presence of p70 (PABP) in the un-
infected BHK-21 extracts with the same mobility than in HeLa
Fig. 5. RNA–protein interaction pattern of 3′UTR with infected cells reveals processing of p116 and p47. (A) UV-crosslink assay of 3′Δ(A) transcript, devoid of the
poly(A) tail, carried out with extracts from infected cells. (B) RNA–protein interaction of the complete FMDV 3′UTR probe with infected cell lysates. Proteins were
resolved in a 10% SDS–PAGE; arrows point to new polypeptides, specifically detected in infected cells. (C) Immunodetection of PABP in FMDV-infected and
Lb-transfected cell extracts. Equal amounts of proteins (10 μg) were loaded per lane; arrows depict new polypeptides p60 and p50 specific of FMDV-infected or
Lb-transfected cells. The asterisk in p52 marks a cleavage product specific of EMCV-infected cells.
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the antibody in all extracts derived from BHK-21 cells. Partial
cleavage of PABP was observed in C-S8-infected lysates,
producing a polypeptide of about 60 kDa and a second product
of 50 kDa that migrated close to the unspecific p49 (Fig. 5C).
This effect was less pronounced in O1K-infected cells. The
analysis of EMCV lysates was also indicative of a partial
proteolytic activity on p70, generating a polypeptide of about
52 kDa. Notably, extracts prepared from Lb-transfected cells
revealed the presence of p60 in the immunoblotting. These
results demonstrated that PABP was proteolytically modified in
infected cells and that Lb protease was in part responsible forFig. 6. Effect of FMDV infection on the interaction of the S region with proteins.
UV-crosslink reaction with a probe encompassing the S region of the FMDV
genome and duplicate samples of extracts from O1K- and C-S8-infected cells.
Proteins were resolved in a 12% SDS–PAGE. Interaction of p116 with the S
region reveals a similar pattern of processing in infected cells than the 3′UTR
probe. Arrows depict RNA-crosslinked polypeptides specifically detected in
infected cells.that cleavage event. As mentioned before for PTB cleavage, the
involvement of 3C protease in the endogenous PABP proces-
sing could not be detected in transfected cells.
More pronounced changes in the binding pattern of proteins
to the S region in the viral 5′end could be observed using S10
extracts from FMDV-infected cells (Fig. 6). The interaction of S
probe with infected cells closely paralleled the effect seen with
the 3′UTR probe (compare Figs. 5A, B with Fig. 6), in support
of our previous results indicating that these two RNA regions
bind a common host factor, p47. This protein had the same
eletrophoretic mobility than PCBP1-2 in a Western blot
(Serrano et al., 2006). No relevant changes could be observed
comparing the binding patterns of proteins from uninfected and
EMCV-infected cells to 3′UTR and S FMDV RNA probes.
In summary, our results indicate that eIF3a,b, PABP and PTB
cleavage events, in addition to eIF4G, are specifically induced
by FMDV infection.
Discussion
Translation of viral-encoded proteins during FMDV infec-
tion is a very efficient process that lasts to the end of the
infection cycle, concomitantly with a strong inhibition of
cellular protein synthesis (Belsham et al., 2000). Efficient
performance of the FMDV IRES is therefore required in order
to ensure enough viral protein accumulation to accomplish
high-titre plaque-forming unit production. Here we have used
extracts prepared from BHK-21-infected cells to monitor
RNA–protein interaction of host factors with the FMDV
IRES. We have found specific cleavage of several IRES-
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comparison to uninfected cells. Partial cleavage of PABP, a
protein that interacts with the 3′end of the viral RNA, was
also detected. In this case, unlike PTB, infection with EMCV
also evidenced proteolysis of the protein. In agreement
with previous results, eIF4G was cleaved at early times post-
infection.
Cleavage of eIF3a-b, PABP and PTB in FMDV-infected
cells described here represents a novel finding. This processing,
in addition to that of eIF4G cleavage, may contribute to the host
translation shutdown in FMDV-infected cells. eIF3a and b,
belong to the group of proteins that are essential to assemble the
48S initiation complexes on the host mRNAs (Hinnebusch,
2006), which are for the most part polyadenylated and use a
cap-dependent mechanism of translation initiation. In this
regard, the cleavage products of eIF3a induced by the 20S
proteasome were shown to be inhibitory for 48S complex
assembly on the capped B-globin mRNA in a reconstitution
assay (Baugh and Pilipenko, 2004). On the other hand, cleavage
of both eIF4G and PABP in FMDV-infected cells would disrupt
the functional bridge that connects the 3′end of the host
polyadenylated mRNAs with the 5′cap, via the trimeric eIF4F
complex, composed of eIF4G, eIF4E and eIF4A (Gebauer and
Hentze, 2004; Lloyd, 2006). Interestingly, the carboxy-terminal
end of eIF4G produced after Lb cleavage is needed for FMDV
IRES activity (Lopez de Quinto and Martinez-Salas, 2000),
allowing to maintain high IRES activity. Whether this also
applies to eIF3 cleavage products needs to be investigated
further.
We have also observed a reduction in the intensity of p47,
presumably PCBP1-2, a protein which has been shown
previously to interact with picornavirus RNA ends (Gamarnik
and Andino, 2000; Walter et al., 1999). Two proteins, p116 and
p47, which interact with the FMDV RNA genome at the 5′ and
3′ends (Serrano et al., 2006), decreased during infection.
Conversely, three new products, p107, p90 or p96, were
specifically detected in infected cells with S and 3′UTR probes,
but not with the IRES probe. Whether any of these products are
involved in stimulation or repression of translation or replica-
tion of the viral RNA, as well as their identification needs
further investigation. Direct detection of FMDV-encoded
proteins with specific antibodies in the extracts used for binding
assays showed the presence of non-structural proteins 3D (p52)
and 3C (p22), as expected. However, we failed to detect either
3D or 3CD in the protein complexes bound to the 3′UTR and S
FMDV probes (data not shown).
Modification of the eIF4F complex in several picornavirus-
infected cells has been described (Lloyd, 2006). However, no
information was available regarding the integrity of eIF3
polypeptides in FMDV-infected cells. The initiation factor eIF3
is composed of 13 subunits known as eIF3a to eIF3m
(Hinnebusch, 2006); interaction of eIF3e with eIF4G provides
the link between ribosomal subunits and mRNAs already bound
to eIF4F (LeFebvre et al., 2006). During apoptosis, translation
initiation is reduced due to caspase cleavage of factors required
for the cap-dependent mechanism, eIF4G and PABP (Bushell et
al., 2000, 2001; Clemens et al., 1998; Marissen and Lloyd,1998). Under these circumstances, many proteins that are
required for apoptosis are instead translated by the alternative
method of internal ribosome entry (Spriggs et al., 2005). It was
also recently reported that 20S proteasome differentially alters
translation via eIF4G and eIF3a cleavage (Baugh and Pilipenko,
2004). Proteasome-induced cleavage of eIF3a (p170) generated
products of 128, 122 and 54 kDa, of different apparent mobility
than those described here for FMDV-infected cells.
Our results also showed proteolytic cleavage of two RNA-
binding proteins, PTB and PABP during FMDV infection. At
late time post-infection with C-S8 isolate, when CPE is almost
complete, low amounts of unprocessed PTB were detected. In
contrast, extracts prepared from late infection with O1K still
retained about 50% of the intact protein. The cleavage product
that appears in FMDV-infected cells, p49, differs from that
described to occur during apoptosis (Back et al., 2002b).
Cleavage of PTB is not expected to alter cap-dependent
translation initiation, but it can compromise IRES-driven
translation since this protein interacts with the FMDV IRES
(Luz and Beck, 1991; Pilipenko et al., 2000). In this regard, the
PTB fragments generated in poliovirus infection inhibit IRES-
dependent translation (Back et al., 2002a). However, at the late
stages of the FMDV infection cycle, when PTB is cleaved, most
of viral RNA is already encapsidated.
The cytopathic effect induced by these two different FMDV
isolates may be related to the extent of processing of specific
host proteins. Cleavage of PABP was also more pronounced in
C-S8-infected cell lysates than in O1K. This effect was
presumably due to Lb protease activity, as demonstrated by the
presence of a cleavage product of the same mobility in FMDV
Lb-transfected cells. Partial processing of PABP was pre-
viously observed in poliovirus (PV) infection (Back et al.,
2002a; Kuyumcu-Martinez et al., 2002). PV infection causes a
rapid inhibition of host cell protein synthesis while allowing
IRES-dependent translation of its genomic RNA. PV 3C
protease generates three of the four PABP cleavage products.
However, at times when cap-dependent translation is inhibited
during infection, only 30% of the total cellular PABP is
cleaved (Kuyumcu-Martinez et al., 2004). Similarly, infection
by another enterovirus, Coxsackie B virus (CBV) resulted in
cleavage of eIF4G and PABP (Kerekatte et al., 1999; Lerner
and Nicchitta, 2006), coincident with polyribosome breakdown
in the cytosol and ER compartments (Lerner and Nicchitta,
2006).
Enhancement of mRNA translation initiation by the 3′ poly
(A) tail is mediated through interaction of PABP with eIF4G,
bridging the 5′ terminal cap structure (Gebauer and Hentze,
2004). Interaction of the FMDV-3′UTR with PABP was
recently demonstrated (Serrano et al., 2006). However,
stimulation of FMDV IRES in Lb protease-transfected cells is
achieved by the 90 nt heteropolymeric region (Lopez de Quinto
et al., 2002), and thus impairment of PABP may specifically
shutdown cap-dependent initiation without a significant effect
on internal initiation. In the case of hepatitis C virus (HCV)
IRES-dependent translation, analysis of post-initiation events
revealed that the 3′ poly(A) tract and HCV 3′UTR improve
translation efficiency by enabling termination and possibly
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(Bradrick et al., 2006).
Despite the processing of the RNA-binding factors described
above, the general pattern of host factors analyzed by direct
staining of total proteins did not indicate a generalized
proteolytic cleavage at late times post-infection with the C-S8
isolate. In summary, we have found evidence of proteolytic
processing of PTB and two eIF3 subunits, a and b, as well as
partial cleavage of PABP during the course of FMDV infection.
The role of these events on the viral cycle remains to be
addressed and will be the focus of future studies.
Materials and methods
Infections, transfections, and cell extract preparation
BHK-21 cells were grown in Dubelcco's modified Eagle's
medium (DMEM) supplemented with 5% foetal bovine serum.
FMDV isolates of two different serotypes were used for
infection of BHK-21 monolayers at a multiplicity of infection
(MOI) of 5. After 1 h of adsorption infection was left to proceed
for complete CPE. After 3 h post-infection (h p.i.) cells infected
with type C, C-S8 isolate, began to detach rapidly and at 5 h p.i.
there were very few cells attached to the plates (about 5%). So
we considered as late time 4 h p.i. For type O, O1K isolate, cell
detachment progressed more slowly, with most cells still
attached at 5 h p.i. though showing obvious CPE. For that
reason infection with O1K was stopped at two different times
p.i. late, 5 h p.i. (O1K-l), and early, 3 h p.i. (O1K-e).
HeLa or BHK-21 cells infected with EMCV using a MOI of
5 were scraped 4 h p.i. prior cell detachment (Gingras et al.,
1996; Rosas et al., 2003). BHK-21 and HeLa cells infected with
FMDVor EMCVas indicated above, grown in 10-cm dishes in
5% calf serum supplemented DMEM, were scraped, collected
by centrifugation and processed for S10 cell extract preparation
as described previously (Lopez de Quinto and Martinez-Salas,
2000). The total protein concentration in the extract was
measured by the Bradford assay prior to any further use.
For FMDV Lb protease processed cell extracts, BHK-21
monolayers were infected with VT7F-3 1 h prior to transfection
with pLb plasmid (Martinez-Salas et al., 1993) using cationic
lipids. At 20 h posttransfection cells were washed twice with
cold phosphate buffer saline, collected and processed for S10
cell extract preparation (Lopez de Quinto and Martinez-Salas,
2000). Following elimination of cellular debris, the extract was
incubated at room temperature for 5–10 min to allow Lb
protease-induced cleavage of proteins present in untransfected
cells. Total protein concentration was measured by the Bradford
assay.
RNA synthesis
Plasmids encoding the IRES, the S region and the 3′UTR of
FMDV RNA have been described (Fernandez-Miragall et al.,
2006; Lopez de Quinto and Martinez-Salas, 2000; Serrano et
al., 2006). Prior to RNA synthesis, plasmids were linearized
using NotI to generate S and 3′UTR transcripts, and XhoI forthe IRES transcript. To synthesize the transcript 3′UTR Δ(A),
lacking the 58 nt poly(A) tail, the corresponding plasmid was
linearized with EcoRV (Saiz et al., 2001). Transcription was
performed for 1 h at 37 °C using 50 U of T3 or T7 RNA
polymerase in the presence of 0.5 to 1 μg of linearized DNA
template, 50 mM DTT, 0.5 mM rNTPs and 20 U of RNasin.
When needed, RNA transcripts were uniformly labelled
using [α32P]CTP (400 Ci/mmol) as described (Lopez de Quinto
and Martinez-Salas, 2000). Reactions were incubated for
15 min with 1 U of RQ1 DNase and unincorporated isotope
eliminated in MicroSpin G-50 columns.
RNA–protein interaction assays
UV-crosslinking assays were performed using 40 μg of
proteins present in S10 extracts and 0.03 pmol of the specific
32P-labelled RNA as described (Lopez de Quinto et al., 2001).
In all cases, the RNA–protein mixture was digested with an
excess of RNase A during 30 min at 37 °C, followed by addition
of SDS-loading buffer, heating 2 min at 95 °C, and
electrophoresed through SDS–polyacrylamide gels. Dried gels
were used to visualize the 32P-crosslinked proteins by
autoradiography. Unrelated probes did not yield the same UV-
crosslink pattern.
Immunodetection of the proteins of interest was assessed in
Western blot assays, carried out as described (Lopez de Quinto
et al., 2001). Following electrophoresis separation, proteins
were transferred to PVDF membranes (Biorad), using a semidry
electrotransfer device. Identification of the RNA-crosslinked
proteins was performed with specific polyclonal antibodies at
1:2000 dilution: α-Ct eIF4GI (Aragon et al., 2000), α-eIF3
(Meyer et al., 1982), α-PABP (Burgui et al., 2003), and α-PTB
(Wagner and Garcia-Blanco, 2002), followed by the appropriate
secondary HRP-conjugated antibody and ECL detection
(SuperSignal west-Dura, Pierce). Monoclonal antibodies 2D2
(Garcia-Briones et al., 2006) and 3F12 elicited against viral
proteins 3C and 3D, respectively, kindly provided by E. Brocchi
were used at 1:2000 dilution. The same membrane was probed
with the different sera after previous stripping of antibodies
using Restore Western blot stripping buffer (Pierce) as
recommended by the manufacturer.
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